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DISPLAY DRIVER HAVING OUTPUT
ELECTRICAL CURRENT CAPACITY
SETTING PORTION

BACKGROUND OF THE INVENTION AND
RELATED ART STATEMENT

The present invention relates to a display driver for
driving a display device according to a video signal.

In a conventional display panel such as a liqud crystal
display panel, a plurality of gate signal lines 1s arranged to
extend 1n a horizontal direction of a two-dimensional screen.
Further, a plurality of source signal lines i1s arranged to
extend 1n a vertical direction of the two-dimensional screen,
so that the source signal lines cross the gate signal lines.

Further, the conventional display panel includes a con-
ventional source driver for applying a gradation voltage
corresponding to a brightness level of each pixel indicated
with an mput video signal to each of the source signal lines.
Further, the conventional display panel includes a conven-
tional gate driver for applying a scanning signal to each of
the gate signal lines (refer to Patent Reference).

Patent Reference: Japanese Patent Publication No. 2004-
301946

In the conventional display panel, when a screen size 1s
increased, the gate signal lines extending in the horizontal
direction of the two-dimensional screen tend to have an
increased wiring resistivity. As a result, 1t tends to take a
longer period of time for the scanning signal output from the
gate driver to reach a pixel situated far from the gate driver,
as compared to a pixel situated near the gate driver. Accord-
ingly, each of the pixels tend to have diflerent the brightness
levels according to a location of each pixel on the gate signal
lines, thereby causing so-called display variance.

In view of the problems described above, an object of the
present ivention 1s to provide a display driver capable of
solving the problems of the conventional display driver. In
the present 1mnvention, it 1s possible to display an 1mage on
a display device while minimizing the display variance.

Further objects and advantages of the invention will be
apparent from the following description of the invention.

SUMMARY OF THE INVENTION

In order to attain the objects described above, according
to a first aspect of the present invention, a display driver 1s
configured to drive a display device according to a video
signal. The display signal includes a plurality of first to N-th
output amplifiers (N 1s an integer greater than two) and an
output electrical current capacity setting portion.

According to the first aspect of the present invention, the
first to N-th output amplifiers are configured to amplify first
to N-th gradation voltages a representing brightness level
per pixel according to the video signal, so that the first to
N-th output amplifiers obtain first to N-th pixel drive volt-
ages. Further, the first to N-th output amplifiers are config-
ured to output the first to N-th pixel drive voltages to the
display device. The output electrical current capacity setting
portion 1s configured to set an output electrical current
capacity of each of the first to N-th output amplifiers
individually or 1n a group of a plurality of output amplifiers.

According to the first aspect of the present invention, the
first to N-th output amplifiers are configured to output the
first to N-th pixel drive voltages to the display device.
Further, the output electrical current capacity setting portion
1s configured to set the output electrical current capacity of
cach of the first to N-th output amplifiers individually or 1n
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2

a group of a plurality of output amplifiers. Accordingly, it 1s
possible to obtain a constant delay time of each of the first
to N-th pixel drive voltages, in which each of the first to N-th
pixel drive voltages takes to reach to the display device
through first to N-th pixel external wirings corresponding to
cach of the first to N-th pixel drive voltages.

According to the present invention, it 1s possible to
display a video on the display device while minimizing the
display variance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a schematic configu-
ration of a display device having a source driver as a display
driver according to a first embodiment of the present inven-
tion;

FIG. 2 1s a block diagram showing an internal configu-
ration of the source driver according to the first embodiment
of the present 1nvention;

FIG. 3 1s a circuit diagram showing an internal configu-
ration of an output circuit of the source driver according to
the first embodiment of the present invention;

FIG. 4 1s a circuit diagram showing an internal configu-
ration of each of amplifiers of the source driver according to
the first embodiment of the present invention;

FIG. 5 1s a graph showing a bias voltage supplied to each
of the amplifiers of the source driver according to the first
embodiment of the present invention;

FIG. 6 1s a block diagram showing an internal configu-
ration of an output circuit according to a second embodiment
of the present 1invention;

FIG. 7 1s a block diagram showing an internal configu-
ration of an output circuit according to a third embodiment
of the present 1nvention;

FIG. 8 1s a block diagram showing an internal configu-
ration of an output circuit according to a fourth embodiment
of the present invention; and

FIG. 9 1s a circuit diagram showing an internal configu-
ration of each of amplifiers of the output circuit according to
the fourth embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Hereunder, preferred embodiments of the present mnven-
tion will be explained with reference to the accompanying
drawings.

First Embodiment

A first embodiment of the present invention will be
explained. FIG. 1 1s a block diagram showing a schematic
configuration of a display device 100 having a source driver
13 as a display driver according to the first embodiment of
the present invention. As shown 1n FIG. 1, the display device
100 includes a drive control portion 11; a scanning driver 12;
the source driver 13; and a display portion 20.

In the first embodiment, the display portion 20 1s formed
of, for example, a liquid crystal panel, an organic EL panel,
and the like. Further, the display portion 20 includes hori-
zontal scanming lines S1 to Sm 1n the number of m (m 1s a
natural number greater than two) and source lines D1 to Dn
in the number of n (n 1s a natural number greater than two).
The horizontal scanning lines S1 to Sm are arranged to
extend 1n a horizontal direction of a two dimensional screen,
and the source lines D1 to Dn are arranged to extend 1n a
vertical direction of the two dimensional screen. Further, the
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horizontal scanning lines S1 to Sm and the source lines D1
to Dn are arranged such that a display cell as a pixel 1s
formed 1n a region of each of crossing portion of the
horizontal scanning lines S1 to Sm and the source lines D1
to Dn.

In the first embodiment, the drive control portion 11 1s
configured to extract a horizontal synchronization signal
from a video signal, and supplies the horizontal synchroni-
zation signal to the scanning driver 12. Further, the drive
control portion 11 1s configured to generate a series of pixel
data DD representing a brightness level of a pixel with, for
example, eight bits per pixel according to the horizontal
synchronization signal, and to supply the pixel data DD to
the source driver 13 as a pixel data signal PDS.

In the first embodiment, the scanming driver 12 1s con-
figured to generate a horizontal scanning signal synchro-
nized with the horizontal synchronization signal, and to
sequentially apply the horizontal scanning signal to each of
the horizontal scanning lines S1 to Sm of the display portion
20.

In the first embodiment, the source driver 13 1s formed of,
for example, a semiconductor chip, and 1s configured to
capture the series of the pixel data PD 1n the pixel data signal
PDS. Every time when the source driver 13 captures the
pixel data PD of one horizontal scanning line, that 1s, 1n the
number of n, which 1s a total number of the source lines, the
source driver 13 1s configured to convert the pixel data PD
in the number of n thus captured to a pixel drive voltage
having a voltage value corresponding to the brightness level
represented with each of the pixel data PD. Then, the source
driver 13 1s configured to apply the pixel drive voltage to the
source lines D1 to Dn of the display portion 20.

FIG. 2 1s a block diagram showing an internal configu-
ration of the source driver 13 according to the first embodi-
ment of the present invention. As shown in FIG. 2, the
source driver 13 includes a shiit register 131; a data latch
portion 132; a gradation voltage conversion circuit 133; and
an output circuit 134.

In the first embodiment, the shift register 131 1s config-
ured to retrieve the series of the pixel data PD from the pixel
data signal PDS supplied from the drive control portion 11.
Further, the shift register 131 1s configured to supply the
pixel data PD for one horizontal scanning line (in the
number of n) to the data latch portion 132 as pixel data P
to Pn.

In the first embodiment, the data latch portion 132 1s
configured to retrieve the pixel data P1 to Pn. Further, the
data latch portion 132 1s configured to supply the pixel data
P1 to Pn to the gradation voltage conversion circuit 133 as
pixel data E1 to En.

In the first embodiment, the gradation voltage conversion
circuit 133 1s configured to convert the pixel data E1 to En
to gradation voltages V1 to Vn each having a voltage value
corresponding to each of the brightness levels. Further, the
gradation voltage conversion circuit 133 1s configured to
supply the gradation voltages V1 to Vn to the output circuit
134.

In the first embodiment, the output circuit 134 1s config-
ured to amplify the gradation voltages V1 to Vn, so that the
output circuit 134 generates pixel drive voltages G1 to Gn.
Further, the output circuit 134 1s configured to apply the
pixel drive voltages G1 to Gn to each of the source lines D1
to Dn of the display portion 20 through external wirings Ul
to Un corresponding to each of the pixel drive voltages G1
to Gn.

As shown 1n FIG. 2, in the first embodiment, the source
driver 13 has a chip size smaller than a lateral width of the
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display portion 20. Further, the source driver 13 1s disposed
along one side of the display portion 20 at a central position
of the one side. In this case, the external wirings Ul to Un,
which connect the output circuit 134 and the source lines D1
to Dn, have a shortest wiring length at the central position
of the one side of the display portion 20. Further, the wiring
length of the external wirings Ul to Un increases toward
both end portions of the display portion 20.

More specifically, in the display device 100 shown 1n FIG.
1, 11 the number n 1s an even number, among the external
wirings Ul to Un, external wirings UQ and UQ+1 (Q 1s
equal to n/2) that are disposed at the central position of the
one side of the display portion 20 have a shortest wiring
length. Further, external wirings Ul and Un that are dis-
posed at the both end portions of the one side of the display
portion 20 have a longest wiring length. Accordingly, the
external wirings UQ and UQ+1 disposed at the central
position tend to have a smallest wiring resistivity, and the
wiring resistivity icreases toward the both end portions. As
a result, among the external wirings Ul to Un, the external
wirings Ul and Un tend to have a largest transmission delay,
and the transmission delay decreases toward the external
wirings UQ and UQ+1.

Further, 11 the number n 1s an odd number, among the
external wirings Ul to Un, the external wiring UQ (Q 1s
equal to (n+1)/2) that 1s disposed at the central position of
the one side of the display portion 20 have a shortest wiring
length, and the external wirings Ul and Un disposed at the
both end portions of the one side of the display portion 20
have a longest wiring length. Accordingly, the external
wirings Ul and Un tend to have a largest transmission delay,
and the transmission delay decreases toward in the order of
the external wirings U2, U3, ., UQ-1, (Un-1,
Un-2, ..., UQ+1) and UQ.

FIG. 3 1s a circuit diagram showing an internal configu-
ration of the output circuit 134 of the source driver 13
according to the first embodiment of the present invention.

As shown 1n FIG. 3, the output circuit 134 includes bias
voltage generating portions 30q and 30b; bias voltage ampli-
fiers 31a, 31bH, 32a, and 32b; bias voltage supplying paths
33a and 33H; and amplifiers AP1 to APn for n channels
disposed corresponding to the gradation voltages V1 to Vn.

In the first embodiment, the bias voltage generating
portion 30q 1s configured to generate a bias voltage VBH on
a high potential side and a bias voltage VBL on a low
potential side having a potential lower than the bias voltage
VBH. The bias voltage amplifier 31a 1s configured to
amplily the bias voltage VBH generated with the bias
voltage generating portion 30a to obtain a potential, and to
supply the potential thus obtained to one end portion of the
bias voltage supplying path 33a. The bias voltage amplifier
32a 1s configured to amplity the bias voltage VBL generated
with the bias voltage generating portion 30aq to obtain a
potential, and to supply the potential thus obtained to the
other end portion of the bias voltage supplying path 33a.

As shown 1n FIG. 3, the bias voltage supplying path 33a
includes a voltage dividing resistor portion formed of resis-
tors R1 to RQ connected in series. In the bias voltage
supplying path 33a, one end portion of the resistor R1
corresponds to the one end portion of the bias voltage
supplying path 33a, and one end portion of the resistor RQ)
corresponds to the other end portion of the bias voltage
supplying path 33a.

In the first embodiment, 1n the bias voltage supplying path
33a, the other end portion of the resistor R1 i1s connected to
one end portion of the resistor R2, so that a voltage at a
connecting point of the resistors R1 and R2 1s supplied to the
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amplifier AP1 as a bias voltage B1l. Further, in the bias
voltage supplying path 33a, the other end portion of the
resistor R2 1s connected to one end portion of the resistor R3,
so that a voltage at a connecting point of the resistors R2 and
R3 1s supplied to the amplifier AP2 as a bias voltage B2.
Accordingly, 1n the bias voltage supplying path 33a, the
other end portion of the resistor RK (K 1s an integer from one
to Q) 1s connected to one end portion of the resistor RK+1,
so that a voltage at a connecting point of the resistors RK and
RK+1 1s supplied to the amplifier APK as a bias voltage BK.

With the configuration described above, the bias voltage
supplying path 33a divides the voltages with the resistors R1
to RQ based on the bias voltage VBH on the high potential
side and the bias voltage VBL on the low potential side, so
that the bias voltage supplying path 33a generates the bias
voltages B1 to BQ. Further, the bias voltage supplying path
33a supplies the bias voltages B1 to BQ to the amplifiers
AP1 to APQ corresponding to the bias voltages B1 to BQ.

In the first embodiment, the bias voltages B1 to BQ have
the following relationship:

B1>B2>B3> .. . >BO-1>B(

More specifically, the bias voltage supplying path 33a 1s
configured to supply the voltages at the one end portion or
the other end portion of each of the resistors R1 to RQ as the

bias voltages B1 to BQ) to a gate terminal (a control terminal)
of a transistor Q3 of each of the amplifiers AP1 to APQ

corresponding to each of the bias voltages B1 to BQ. It
should be noted that the amplifiers AP1 to APQ constitute a
left region amplifier group responsible for a display drive of
a left region screen of the display portion 20.

In the first embodiment, similar to the bias voltage gen-
erating portion 30a, the bias voltage generating portion 3056

1s configured to generate the bias voltage VBH on the high
potential side and the bias voltage VBL on the low potential
side having a potential lower than the bias voltage VBH. The
bias voltage amplifier 315 1s configured to amplily the bias
voltage VBH generated with the bias voltage generating
portion 305 to obtain a potential, and to supply the potential
thus obtained to one end portion of the bias voltage supply-
ing path 335. The bias voltage amplifier 325 1s configured to
amplify the bias voltage VBL generated with the bias
voltage generating portion 305 to obtain a potential, and to
supply the potential thus obtained to the other end portion of
the bias voltage supplying path 335.

As shown 1 FIG. 3, the bias voltage supplying path 335
includes a voltage dividing resistor portion formed of resis-
tors RQ+1 to Rn connected 1n series. In the bias voltage
supplying path 335, one end portion of the resistor Rn
corresponds to the one end portion of the bias voltage
supplying path 335, and one end portion of the resistor
RQ+1 corresponds to the other end portion of the bias
voltage supplying path 335.

In the first embodiment, 1n the bias voltage supplying path
335, the other end portion of the resistor Rn 1s connected to
one end portion of the resistor Rn—1, so that a voltage at a
connecting point of the resistors Rn and Rn-1 1s supplied to
the amplifier APn as a bias voltage Bn. Further, in the bias
voltage supplying path 335, the other end portion of the
resistor Rn—1 1s connected to one end portion of the resistor
Rn-2, so that a voltage at a connecting point of the resistors
Rn and Rn-1 1s supplied to the amplifier APn-1 as a bias
voltage Bn—1. Accordingly, 1n the bias voltage supplying
path 335, the other end portion of the resistor RM (M 1s an
integer from n to Q+1) 1s connected to one end portion of the
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resistor RM -1, so that a voltage at a connecting point of the
resistors RM and RM-1 1s supplied to the amplifier APM as
a bias voltage BM.

With the configuration described above, the bias voltage
supplying path 336 divides the voltages with the resistors
RQ+1 to Rn based on the bias voltage VBH on the high
potential side and the bias voltage VBL on the low potential
side, so that the bias voltage supplying path 335 generates
the bias voltages BQ+1 to Bn. Further, the bias voltage
supplying path 33a supplies the bias voltages BQ+1 to Bn to
the amplifiers APQ+1 to APn corresponding to the bias
voltages BQ+1 to Bn.

In the first embodiment, the bias voltages BQ+1 to Bn
have the following relationship:

Bn>Bn-1>Bn-2> . . . >BO+2>B0+1

More specifically, the bias voltage supplying path 334 1s
configured to supply the voltages at the one end portion or
the other end portion of each of the resistors RQ+1 to Rn as
the bias voltages BQ+1 to Bn to a gate terminal (a control
terminal) of a transistor Q3 of each of the amplifiers APQ+1
to APn corresponding to each of the bias voltages BQ+1 to
Bn. It should be noted that the amplifiers APQ+1 to APn
constitute a right region amplifier group responsible for a
display drive of a right region screen of the display portion
20.

In the first embodiment, each of the amplifiers AP1 to APn
1s an individual separate output amplifier, and has an 1den-
tical configuration. Further, the amplifiers AP1 to APn are
arranged 1n a row along one side of the semiconductor chip
of the source driver 13. Further, the amplifiers AP1 to APn
are configured to amplily the gradation voltages V1 to Vn
supplied from the gradation voltage conversion circuit 133
with a gain of one, so that the amplifiers AP1 to APn obtain
the pixel drive voltages G1 to Gn. Then, the amplifiers AP1
to APn are configured to apply the pixel drnive voltages G1
to Gn to the source lines D1 to Dn of the display portion 20
through the external wirings Ul to Un, respectively.

In the first embodiment, each of the amplifiers AP1 to APn
has a bias voltage mput terminal for inputting the bias
voltage for controlling an electrical current to be flown to a
differential stage of an operation amplifier, that 1s, an inter-
nal operation electrical current. Accordingly, the amplifiers
AP1 to APn are configured to individually set the internal
operation electrical current according to the bias voltages B1
to Bn individually supplied thereto through the bias voltage
supplying path 33q and the bias voltage supplying path 335.
It should be noted that, when the bias voltage supplied to the
bias voltage input terminal 1s high, the internal operation
clectrical current becomes high, so that an output electrical
current capacity of the amplifier 1s increased. When the
output electrical current capacity of the amplifier 1s
increased, the amplifier 1s operated at a higher speed,
thereby decreasing the output delay time.

FIG. 4 1s a circuit diagram showing an internal configu-
ration of each of the amplifiers AP1 to APn of the source
driver 13 according to the first embodiment of the present
invention.

As shown 1n FIG. 4, the amplifier APX (X 1s an integer
from one to n) 1s an operation amplifier formed of transistors
Q1 to Q3 of an n-channel MOS (Metal Oxide Semiconduc-
tor) type; a diflerential stage including transistors Q4 and Q3
of a p-channel MOS type; and an output stage including a
transistor QP of the p-channel MOS type.

In the first embodiment, the transistors Q1 and Q2 con-
stitute a differential pair. Further, the gradation voltage VX
supplied from the gradation voltage conversion circuit 133
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1s applied to a gate terminal of the transistor Q1 through an
input line LIN, and an output line LOUT 1s connected to a
gate terminal of the transistor Q2. The transistor Q3 1is
configured as a bias transistor, and a drain terminal of the
transistor Q3 1s connected to a gate terminal of each of the
transistors Q1 and Q2.

In the first embodiment, 1t 1s configured such that the bias
voltage BX supplied from the bias voltage supplying path
33a 1s supplied to a gate terminal of the transistor 3, and
a ground voltage VSS (for example, zero bolt) 1s applied to
a source terminal of the transistor Q3. Further, a drain
terminal of the transistor Q1 1s connected to a drain terminal
of the transistor Q4 and a gate terminal of the transistor QP
through a line LP1. Further, a drain terminal of the transistor
Q2 1s connected to a gate terminal of each of the transistors
Q4 and Q5, and a drain terminal of the transistor Q35 through
a line LP2. A power source voltage Vdd 1s applied to a
source terminal of each of the transistors (4 and Q5.
Further, the power source voltage Vdd 1s applied to a source
terminal of the transistor QP, and a drain terminal of the
transistor QP 1s connected to the output line LOT.

In the amplifier APX having the configuration shown in
FIG. 4, the transistor Q1 1s configured to flow a first
clectrical current corresponding to the voltage value of the
gradation voltage VX to a line Lpl. The transistor Q2 1is
configured to flow a second electrical current corresponding
to the pixel drive voltage GX supplied through the output
line LOT to a line Lp2. Accordingly, an output voltage drive
signal PD 1s generated 1n the line Lp1, and the output voltage
drive signal PD has a voltage value corresponding to a
difference between the gradation voltage VX and the voltage
of the output line LOT. Further, the output voltage drive
signal PD 1s supplied to the gate terminal of the transistor
QP. The transistor QP 1s configured to supply the output
clectrical current to the output line LOT according to the
output voltage drive signal PD. Accordingly, the transistor
QP generates the pixel drive voltage GX having the voltage
value corresponding to the gradation voltage VX 1n the
output line LOT.

In the first embodiment, as described above, the first
clectrical current and the second electrical current flow 1n
the line Lp1 and the line Lp2 of the amplifier APX. It should
be noted that levels of the first electrical current and the
second electrical current are determined according to a
drain-source electrical current of the transistor Q3 of the
amplifier APX. More specifically, the transistor (O3 1s con-

figured to function as the bias transistor of the amplifier
APX, so that the transistor Q3 1s configured to adjust the
levels of the first electrical current and the second electrical
current flowing through the lines Lpl and Lp2 of the
amplifier APX according to the bias voltage BX supplied to
the gate terminal (the control terminal) of the transistor Q3.

In the first embodiment, when the bias voltage BX sup-
plied to the gate terminal (the control terminal) of the
transistor Q3 1s increased, the levels of the first electrical
current and the second electrical current, that 1s, an internal
operation electrical current, flowing through the lines Lpl
and Lp2 are increased. As a result, the output electrical
current capacity of the amplifier APX 1s increased.

In the first embodiment, when the output electrical current
capacity of the amplifier APX is increased, the voltage rising
period of the pixel dnive voltage GX generated with the
amplifier APX 1s shortened. More specifically, when the bias
voltage BX supplied to the gate terminal (the control ter-
minal) of the transistor Q3 1s increased, the output delay
time of the amplifier APX 1s shortened.
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In the first embodiment, the output circuit 134 having the
configuration shown 1n FIG. 3 includes an output electrical
current capacity setting portion formed of the bias voltage
generating portion 30a and the bias voltage supplying path
33a (or the bias voltage generating portion 306 and the bias
voltage supplying path 335). The output electrical current
capacity setting portion 1s configured to individually set the
output electrical current capacity of each of the amplifiers
AP1 to APQ (or the amplifiers APQ+1 to APn) that output
the pixel drive voltages G1 to GQ (or the pixel drnive
voltages GQ+1 to Gn) to the display portion 20.

FIG. 5 1s a graph showing the bias voltages B1 to BQ
supplied to each of the amplifiers AP1 to APQ of the source
driver 13 according to the first embodiment of the present
invention.

In the first embodiment, the bias voltage supplying path
33a supplies the bias voltages B1 to BQ to the amplifiers
AP1 to APQ constituting the left region amplifier group, and
the bias voltages B1 to BQ have the levels shown in FIG. 5.
Further, the bias voltage supplying path 3356 supplies the bias
voltages BQ+1 to Bn to the amplifiers APQ+1 to APn
constituting the right region amplifier group, and the bias
voltages BQ+1 to Bn have the levels shown i FIG. S.

Accordingly, the amplifiers AP1 and APn, which perform
display drive at both ends of the screen, have the shortest
output delay time, and the output delay time of the amplifier
AP 1s increased toward the center of the screen. In other
words, among the amplifiers AP1 to APQ constituting the
left region amplifier group, the amplifier AP1 has the short-
est output delay, and the output delay 1s increased in the
following order:

AP2ZAP3> . .. ZAPQO-1>4AFPQ

Further, among the amplifiers APQ+1 to APn constituting,
the right region amplifier group, the amplifier APn has the
shortest output delay, and the output delay 1s increased in the
following order:

APn=-1>4APn-2> . . . ZAPO+2>APO+1

As described above, 1n the first embodiment, among the
external wirings Ul to UQ connected to each of the ampli-
fiers AP1 to APQ), the external wirings Ul has the largest
transmission delay, and the transmission delay 1s decreased
in the following order:

2>U3> . . . >UQ-1>UQ

Further, among the external wirings UQ+1 to Un con-
nected to each of the amplifiers APQ+1 to APn, the external
wirings Un has the largest transmission delay, and the
transmission delay 1s decreased in the following order:

Un-1>Un=2> . . . >UQ+2>UQ+1

Accordingly, 1n the first embodiment, 1t 1s possible to
obtain a constant total time of the transmission delay time of
the external wirings UX (X 1s an integer from one to n) and
the output delay time of the amplifiers APX. More specifi-
cally, 1t 1s possible to obtain the constant delay time of the
pixel drive voltages G1 to Gn supplied from the source
driver 13 to reach the display portion 20 through the external
wirings Ul to Un corresponding to each of the pixel drive
voltages G1 to Gn.

In the first embodiment, with the output circuit 134 having,
the configuration shown 1n FIG. 3, 1t 1s possible to minimize
the diflerence 1n the timing of the plxel drive voltages G1 to
Gn supplied from the source driver 13 to apply to the source
lines D1 to Dn of the display portion 20. Accordingly, 1t 1s




US 10,176,747 B2

9

possible to display an image on the display device 20 while
mimmizing the display variance.

Second Embodiment

A second embodiment of the present invention will be
explained next with reference to FIG. 6. As described above,
in the first embodiment, the source driver 13 1s configured to
individually set the internal operation electrical current of
cach of the amplifiers AP1 to APQ (or the amplifiers APQ+1
to APn), so that the output delay time of each of the
amplifiers AP1 to APQ (or the amplifiers APQ+1 to APn) 1s
individually adjusted. Alternatively, the source driver 13
may be configured to set the output delay time of each of the
amplifiers AP1 to APQ (or the amplifiers APQ+1 to APn)
with a diflerent configuration.

FIG. 6 1s a block diagram showing an internal configu-
ration ol the output circuit 134 according to the second
embodiment of the present invention.

In the second embodiment, as shown 1n FIG. 6, 1n addition
to the configuration shown 1n FIG. 3 1n the first embodiment,
the output circuit 134 further includes transistors Y1 to Yn
of the n-channel MOS type each functioning as an output
clectrical current adjusting transistor. It should be noted that
other configuration of the output circuit 134 in the second
embodiment 1s similar to that of the output circuit 134 1n the
first embodiment, except that, 1n the output circuit 134 1n the
second embodiment, a fixed bias voltage having a specific
voltage value 1s applied to the gate terminal of the transistor
Q3 of each of the amplifiers AP1 to APn.

In the second embodiment, 1n the output circuit 134
having the configuration shown 1n FIG. 6, the output termi-
nal of each of the amplifiers AP1 to APn 1s connected to a
source terminal of each of the corresponding transistors Y1
to Yn. Further, the bias voltage supplying path 33a 1s
configured to supply the bias voltages B1 to BQ having the
levels shown 1n FIG. 5 to a gate terminal (a control terminal)
of each of the corresponding transistors Y1 to Y(Q. Further,
the bias voltage supplying path 335 1s configured to supply
the bias voltages BQ+1 to Bn having the levels shown in
FIG. 5 to a gate terminal (a control terminal) of each of the
corresponding transistors YQ+1 to Yn.

In the second embodiment, the transistors Y1 to Yn are
configured to set 1n an on state according to the bias voltage
applied to the gate terminals thereof. Accordingly, when the
amplifier APX (X 1s an integer from one to n) supplies the
output electrical current, the transistor YX (X 1s an integer
from one to n) adjusts the output electrical current an
adjusted electrical current according to the bias voltage BX,
and supplies the adjusted electrical current to the external
wiring UX through the drain terminal thereof. As a result,
the transistor YX generates the pixel drive voltage GX in the
external wiring UX.

In the second embodiment, when the electrical current
supplied from the transistor YX (X 1s an integer from one to
n) 1s increased, the rising period of the pixel drive voltage
G X 1s shortened, thereby shortening the output delay time of
the pixel drive voltage GX.

In the second embodiment, a pair of the amplifier APX
and the transistor YX may be considered as one single
output amplifier. In this case, it 1s possible to individually set
the output electrical current capacity of each of the first to
the n-th output amplifiers (the amplifiers AP1 to APn and the
transistors Y1 to Yn) according to the bias voltages B1 to Bn
supplied from the bias voltage generating portion 30qa, the
bias voltage generating portion 305, the bias voltage sup-
plying path 33a, and the bias voltage supplying path 335.
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In the second embodiment, when the bias voltages B1 to
Bn shown 1n FIG. 5 are supplied, the output delay time of the
transistor Y1 (or the transistor Yn) connected to the amplifier
AP1 (of the amplifier APn) responsible for the display drive
at the both end portions of the display portion 20 becomes
the shortest. Further, the output delay time of the transistor
Y connected to the amplifier AP 1s increased toward the
center of the display portion 20.

Accordingly, in the second embodiment, with the output
circuit 134 having the configuration shown 1n FIG. 6, similar
to the output circuit 134 having the configuration shown in
FIG. 3 in the first embodiment, 1t 1s possible to obtain the
constant delay time of the pixel drive voltages G1 to Gn
supplied from the source driver 13 to reach the display
portion 20 through the external wirings Ul to Un corre-
sponding to each of the pixel drive voltages G1 to Gn.
Accordingly, 1t 1s possible to display an 1image on the display
device 20 while minimizing the display vaniance.

Third Embodiment

A third embodiment of the present imvention will be
explained next with reference to FIG. 7. As described above,
in the first embodiment, the bias voltage supplying path 33a
(or the bias voltage supplying path 3356) i1s configured to
supply the bias voltages B1 to BQ (or the bias voltages
BQ+1 to Bn) having the different voltage values to the
amplifiers AP1 to APQ (or the amplifiers APQ+1 to APn).
Alternatively, the bias voltage supplying path 33a (or the
bias voltage supplying path 335) may be configured to
supply the bias voltages B1 to BQ (or the bias voltages
BQ+1 to Bn) having the different voltage values with a
different configuration.

FIG. 7 1s a block diagram showing an internal configu-
ration of the output circuit 134 according to the third
embodiment of the present invention. It should be noted that,
in FIG. 7, only the amplifiers AP1 to APQ constituting the
left region amplifier group are shown.

As shown 1n FIG. 7, different from the output circuit 134
having the configuration shown in FIG. 3, the output circuit
134 does not include the bias voltage supplying path 334, the
bias voltage amplifier 31aq, and the bias voltage amplifier
32a. Further, the output circuit 134 includes a bias voltage
generating portion 300q instead of the bias voltage gener-
ating portion 30aq shown 1n FIG. 3.

In the third embodiment, the bias voltage generating
portion 300q 1s configured to generate the bias voltages Ba
to Bc having the following relationship:

Ba>Bb>Bc

In the third embodiment, the bias voltage generating
portion 300q 1s configured to supply the bias voltage Ba to
cach of the amplifiers AP1 to APW (W 1s an integer smaller
than Q) constituting a first group among the amplifiers AP1
to APQ constituting the left region amplifier group. Further,
the bias voltage generating portion 300a 1s configured to
supply the bias voltage Bb to each of the amplifiers APW+1
to APJ (J 1s an integer greater than W and smaller than Q)
constituting a second group responsible for the display drive
of a region closer to the center of the display portion 20 than
the first group. Further, the bias voltage generating portion
300a 1s configured to supply the bias voltage Bc to each of
the amplifiers APJ+1 to APQ constituting a third group
responsible for the display drnive of a region closer to the
center of the display portion 20 than the second group.

More specifically, 1n the third embodiment, with the
output circuit 134 having the configuration shown in FIG. 7,
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it 1s configured to set the output delay time of the amplifiers
AP1 to APn per group according to the transmission delay
of the external wirings Ul to Un. Accordingly, 1t 1s possible
to minimize the difference in the timing of the pixel drive
voltages G1 to Gn supplied from the source driver 13 to
reach the source lines D1 to Dn of the display portion 20.
Accordingly, 1t 1s possible to display an 1image on the display
device 20 while minimizing the display vanance.

In the third embodiment, each of the amplifiers AP1 to
APn has the internal configuration, in which the output stage
of the operation amplifier 1s formed of the single amplifier
configuration. Alternatively, the output stage of the opera-
tion amplifier may be formed of a push-pull amplifier
coniiguration.

Fourth Embodiment

A Tourth embodiment of the present mvention will be
explained next with reference to FIG. 8. As described above,
in the first embodiment, 1t 1s configured to set the output
delay time of each of the amplifiers AP1 to APn according
to the bias voltages B1 to Bn supplied to each of the
amplifiers AP1 to APn. In the fourth embodiment, each of
the amplifiers AP1 to APn 1s configured to individually
obtain a desirable output delay time.

FIG. 8 1s a block diagram showing an internal configu-
ration of the output circuit 134 according to the fourth
embodiment of the present invention. As shown 1n FIG. 8,
the output circuit 134 includes amplifiers AM1 to AMn and
a static capacity setting portion 310.

In the fourth embodiment, the amplifiers AM1 to AMn are
configured to individually amplily the gradation voltages V1
to Vn to generate the pixel drive voltages G1 to Gn. The
static capacity setting portion 310 1s configured as the output
clectrical current capacity setting portion to set the output
clectrical current capacity of each of the amplifiers AM1 to
AMn.

In the fourth embodiment the static capacity setting
portion 310 1s configured to generate a static capacity
change signal CS specifying whether a static capacity of a
capacitor disposed 1n each of the amplifiers AM1 to AMn for
a phase compensation 1s changed or not. Further, the static
capacity setting portion 310 1s configured to supply the static
capacity change signal CS with a binary level to each of the
amplifiers AM1 to AMn.

More specifically, when the static capacity of the capaci-
tor for the phase compensation 1s changed, the static capac-
ity setting portion 310 1s configured to supply the static
capacity change signal CS having a logic level of zero to
cach of the amplifiers AM1 to AMn. Further, when the static
capacity of the capacitor for the phase compensation 1s not
changed, the static capacity setting portion 310 1s configured
to supply the static capacity change signal CS having a logic
level of one to each of the amplifiers AM1 to AMn.

FIG. 9 1s a circuit diagram showing an internal configu-
ration of each of the amplifiers AM1 to AMn of the output
circuit 134 according to the fourth embodiment of the
present mvention.

As shown 1n FIG. 9, the amplifier AMX (X 1s an integer
from one to n) 1s an operation amplifier formed of a push pull
stage; a first differential stage DF1 for driving an output
transistor QP of the p-channel MOS type; a second differ-
ential stage DF2 for driving an output transistor QN of the
n-channel MOS type; and capacitors C1 and C21 for the
phase compensation. The push pull stage includes the tran-
sistors QP and QN.
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In the fourth embodiment, the amplifier AMX further
includes an inverter IV, additional capacitors CP and CN {for
changing the static capacity of the capacitors C1 and C21 for
the phase compensation; a transistor QZP of the p-channel
MOS type as a control transistor; and a transistor QZN of the
n-channel MOS type as a control transistor.

In the fourth embodiment, the first differential stage DF1
has a circuitry configuration similar to that of the transistors
Q1 to Q5 shown in FIG. 4. Further, the transistor QP has a
circuitry configuration similar to that of the transistor QP
shown 1n FIG. 4. It should be noted that a fixed bias voltage
Vbl having a specific voltage value 1s applied to the gate
terminal of the transistor Q3.

In the fourth embodiment, the second differential stage
DF2 includes transistors M1 to M3 of the p-channel MOS
type and transistors M4 and M3 of the n-channel MOS type.
The transistors M1 and M2 are configured to be a diflerential
pair. The gradation voltage VX (X 1s an integer from one to
n) supplied from the gradation voltage conversion circuit
133 1s applied to a gate terminal of the transistor M1 through
an mput line LIN. An output line LOT 1s connected to a gate
terminal of the transistor M2.

In the fourth embodiment, a drain terminal of the tran-
sistor M3 1s connected to source terminals of the transistors
M1 and M2. A fixed bias voltage Vb2 having a specific
voltage value 1s applied to the gate terminal of the transistor
M3, and the power source voltage V 1s applied to the source
terminal of the transistor M3. A drain terminal of the
transistor M1 1s connected to a drain terminal of the tran-
sistor M4 and a gate terminal (or a control terminal) of the
output transistor QN through a line Lnl. A drain terminal of
the transistor M2 1s connected to gate terminals of the
transistors M4 and M5 and a drain terminal of the transistor
M35 through a line Ln2. The ground voltage VSS 1s applied
to source terminals of the transistors M4 and M5. It should
be noted that the ground voltage VSS 1s also applied to a
source terminal of the transistor QN, and a drain terminal of
the transistor QN 1s connected to the output line LOT.

In the fourth embodiment, the transistor M1 1s configured
to flow an electrical current corresponding to the voltage
value of the gradation voltage VX to the line Lnl. The
transistor M2 1s configured to flow an electrical current
corresponding to the pixel drive voltage GX supplied thereto
through the line Ln1 to the line Ln2. Accordingly, an output
voltage drive signal NG 1s generated 1n the line Lnl such
that the output voltage drive signal NG has a voltage value
corresponding to a difference between the gradation voltage
VX and the voltage of the output line LOT. Further, the
output voltage drive signal NG 1s supplied to the gate
terminal of the transistor QN. Accordingly, the transistor QN
1s configured to extract the output electrical current corre-
sponding to the output voltage drive signal NG from the
output line LOT, so that the transistor QN generates the
gradation voltage GX having the voltage value correspond-
ing to the gradation voltage VX 1n the output line LOT.

As shown 1 FIG. 9, in the amplifier AMX, the source
terminal of the transistor QZP 1s connected to the gate
terminal of the output transistor QP, and the drain terminal
of the transistor QZP 1s connected to one end portion of the
additional capacitor CP. The other end portion of the addi-
tional capacitor CP 1s connected to the output line LOT.
Further, the source terminal of the transistor QZN 1s con-
nected to the gate terminal of the output transistor QN, and
the drain terminal of the transistor QZN 1s connected to one
end portion of the additional capacitor CN. The other end
portion of the additional capacitor CN 1s connected to the
output line LOT.
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In the fourth embodiment, the static capacity change
signal CS 1s supplied to the gate terminal of the transistor
QZP. Further, the inverter IV 1s configured to invert the logic
level of the static capacity change signal CS, and a signal
with the mverted logic level 1s supplied to the gate terminal
of the transistor QZN.

An operation of the amplifier AMX shown i FIG. 9 for
setting the static capacity will be explained next.

First, when the static capacity setting portion 310 supplies
the static capacity change signal CS having the logic level of
zero, the transistor QZP and the transistor QZN are turned
on. Accordingly, the additional capacitor CP and the addi-
tional capacitor CN become the state that the additional
capacitor CP 1s connected to the capacitor C1 1n parallel, and
the additional capacitor CN 1s connected to the capacitor C2
in parallel. As a result, the static capacity for the phase
compensation 1s equal to the sum of the static capacity of the
capacitor C1 (or the capacitor C2) and the static capacity of
the additional capacitor CP (or the additional capacitor CN).

On the other hand, when the static capacity setting portion
310 supplies the static capacity change signal CS having the
logic level of one, the transistor QZP and the transistor QZN
are turned ofl. Accordingly, the additional capacitor CP and
the additional capacitor CN are cut ofl. As a result, the static
capacity for the phase compensation 1s equal to the static
capacity of the capacitor C1 (or the capacitor C2).

In the fourth embodiment, 1t should be noted that the
capacitor C1 (or the capacitor C2) for the phase compensa-
tion disposed 1n each of the amplifiers AM1 to AMn has an
identical static capacity. However, the additional capacitor
CP (or the additional capacitor CN) disposed 1n each of the
amplifiers AM1 to AMn has a different static capacity per
cach of the amplifiers AM1 to AMn.

More specifically, the additional capacitor CP (or the
additional capacitor CN) disposed in the amplifiers AM1 and
AMn responsible for the display drive at the both end
portions of the display portion 20 has a smallest static
capacity. Further, the static capacity of the additional capaci-
tor CP (or the additional capacitor CN) disposed in the
amplifiers AMX 1s increased toward the center of the display
portion 20. When the static capacity for the phase compen-
sation 1s 1ncreased, the output electrical current capacity of
the amplifier AMX 1s decreased, thereby increasing the
output delay time thereof.

In the fourth embodiment, during the time when the static
capacity change signal CS having the logic level of zero,
which indicates the static capacity for the phase compensa-
tion 1s changed, 1s supplied to each of the amplifiers AM1 to
AMn, among the amplifiers AM1 to AMQ constituting the
left region amplifier group, the amplifier AM1 has the
smallest output delay time, and the output delay of the
amplifier AM 1s increased 1n the following order:

AM2>AM3> . . . 2AMQO-1>AMQ

Further, among the amplifiers AMQ+1 to AMn constitut-
ing the right region amplifier group, the amplifier AMn has
the smallest output delay, and the output delay 1s increased
in the following order:

AMn-1>4AMn-2> . . . ZAMO+2>AMO+1

In the fourth embodiment, with the output circuit 134
having the configuration shown i FIGS. 8 and 9, 1t 1s
possible to minimize the diflerence 1n the timing of the pixel
drive voltages G1 to Gn supplied from the source driver 13
to apply to the source lines D1 to Dn of the display portion
20 through the external wirings U1 to Un. Accordingly, it 1s
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possible to display an 1image on the display device 20 while
minimizing the display variance.
In summary, in the embodiments described above, 1t 1s

suttice that the source driver 13 includes the first to the n-th
output amplifiers (the amplifiers AP1 to APQ and APQ+1 to

APn, or the amplifiers AM1 to AMQ and AMQ+1 to AMn)

and the output electrical current setting portion (the bias
voltage generating portion 30qa, the bias voltage generating
portion 305, the bias voltage supplying path 33a, the bias
voltage supplying path 335, the bias voltage generating
portion 300qa, or the static capacity setting portion 310).

More specifically, the first to the n-th output amplifiers
(the amplifiers AP1 to APQ and APQ+1 to APn, or the
amplifiers AM1 to AMQ and AMQ+1 to AMn) are config-

ured to amplify the first to the n-th gradation voltages V1 to
VQ and VQ+1 to Vn representing the brightness level per
pixel according to the video signal to obtain the first to the

n-th pixel drive voltages G1 to GQ and GQ+1 to Gn. Further,
the first to the n-th output amplifiers (the amplifiers AP1 to
APQ and APQ+1 to APn, or the amplifiers AM1 to AMQ and
AMQ+1 to AMn) are configured to output the first to the n-th
pixel drive voltages G1 to GQ and GQ+1 to Gn to the
display portion 20. The output electrical current setting
portion (the bias voltage generating portion 30a, the bias
voltage generating portion 3056, the bias voltage supplying
path 33a, the bias voltage supplying path 335, the bias
voltage generating portion 300a, or the static capacity set-
ting portion 310) 1s configured to set the output electrical
current capacity of each of the first to the n-th output
amplifiers individually or per group.

Further, 1n the first and second embodiments, as shown 1n
FIGS. 3 and 6, the output electrical current setting portion
(the bias voltage generating portion 30a, the bias voltage
generating portion 305, the bias voltage supplying path 33a,
or the bias voltage supplying path 33b6) 1s configured to
supply the bias voltages B1 to BQ (or the bias voltages
BQ+1 to Bn) to the amplifiers AP1 to APQ (or the amplifiers
APQ+1 to APn) to set the output electrical current capacity
of the amplifiers AP1 to APQ (or the amplifiers APQ+1 to
APn). The present invention 1s not limited to the configu-
ration.

In the first and second embodiments, it 1s sutlice that the
output electrical current setting portion (the bias voltage
generating portion 30aq, the bias voltage generating portion
306, the bias voltage supplying path 33a, or the bias voltage
supplying path 335) 1s configured to generate the first to the
n-th setting signals corresponding to the first to the n-th
output amplifiers (the amplifiers AP1 to APQ and APQ+1 to
APn). Further, it 1s suflice that the output electrical current
setting portion (the bias voltage generating portion 30a, the
bias voltage generating portion 305, the bias voltage sup-
plying path 33a, or the bias voltage supplying path 335) 1s
configured to set the output electrical current capacity of the
first to the n-th output amplifiers (the amplifiers AP1 to APQ
and APQ+1 to APn) through supplying the first to the n-th
setting signals to the first to the n-th output amplifiers (the
amplifiers AP1 to APQ and APQ+1 to APn).

Further, in the third embodiment, as shown in FIG. 7, the
output electrical current setting portion 300q 1s configured to
generate the bias voltages Ba, Bb, and Bc corresponding to
the three groups of the amplifiers AP1 to APQ. Further, the
output electrical current setting portion 300q 1s configured to
supply the bias voltages Ba, Bb, and Bc to the three groups
of the amplifiers AP1 to APQ to set the output electrical
current capacity of the amplifiers AP1 to APQ. The present
invention 1s not limited to the configuration.
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In the third embodiment, 1t 1s suflice that the output
clectrical current setting portion 300a 1s configured to gen-
crate the first to the k-th setting signals (k 1s an integer
greater than two and less that N/2) corresponding to the
groups 1n the number of k of the first to the n-th output
amplifiers (the amplifiers AP1 to APQ and APQ+1 to APn).
Further, it 1s suflice that the output electrical current setting
portion 300q 1s configured to set the output electrical current
capacity of the first to the n-th output amplifiers (the
amplifiers AP1 to APQ and APQ+1 to APn) through sup-
plying the first to the k-th setting signals to the first to the
n-th output amplifiers (the amplifiers AP1 to APQ and
APQ+1 to APn).

The disclosure of Japanese Patent Application No. 2016-
067098, filed on Mar. 30, 2016, 1s incorporated in the
application by reference.

While the mnvention has been explained with reference to
the specific embodiments of the invention, the explanation 1s
illustrative and the invention 1s limited only by the appended
claims.

What 1s claimed 1s:

1. A display driver for driving a display device according
to a video signal, comprising:

a plurality of first to N-th output amplifiers (N 1s an

integer greater than two) configured to amplify first to

N-th gradation voltages each representing a brightness

level per pixel according to the video signal so that the

first to N-th output amplifiers obtain first to N-th pixel
drive voltages; and

an output electrical current capacity setting portion,

wherein said first to N-th output amplifiers are configured
to output the first to N-th pixel drive voltages to the
display device,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

cach of said first to N-th output amplifiers includes an
operation amplifier including:

an mput line for receiving one of the first to N-th
gradation voltages;

an output line for outputting one of the first to N-th pixel
drive voltages;

a differential stage for generating a drive signal according
to a diflerence between the one of the first to N-th
gradation voltages and a voltage of the output line;

an output transistor for receiving the drive signal with a
control terminal thereol and supplying an electrical
current to the output line according to the drive signal
so that the one of the first to N-th pixel drive voltages
1s generated in the output line;

a phase compensation capacitor having one end portion
connected to the control terminal of the output transis-
tor and the other end portion connected to the output
line:

an additional capacitor having one end portion connected
to the output line; and

a control transistor configured to turn on or off according
to a static capacity change signal so that the control
terminal of the output transistor is connected to the
other end portion of the additional capacitor when the
control transistor 1s turned on,

said output electrical current capacity setting portion
includes a static capacity setting portion,

said static capacity setting portion 1s configured to supply
a binary signal indicating whether a static capacity of
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the phase compensation capacitor 1s changed as the
static capacity change signal to each of the first to N-th
output amplifiers, and

said additional capacitor of each of the first to N-th output

amplifiers has a different static capacity.

2. The display driver according to claim 1, wherein said
output electrical current capacity setting portion 1s config-
ured to generate first to N-th setting signals corresponding to
the first to N-th output amplifiers, and

said output electrical current capacity setting portion 1s

configured to supply the first to N-th setting signals to
the first to N-th output amplifiers so that the output
clectrical current capacity setting portion sets the out-
put electrical current capacity of each of the first to N-th
output amplifiers.

3. The display driver according to claim 1, wherein said
output electrical current capacity setting portion 1s config-
ured to generate first to k-th setting signals (k 1s an integer
greater than two and less than 2/N) corresponding to the
group of the number k of the first to N-th output amplifiers,
and

said output electrical current capacity setting portion 1s

configured to supply the first to k-th setting signals to
the first to N-th output amplifiers so that the output
clectrical current capacity setting portion sets the out-
put electrical current capacity of each of the first to N-th
output amplifiers.

4. A display driver for driving a display device according
to a video signal, comprising:

a plurality of first to N-th output amplifiers (N 1s an

integer greater than two) configured to amplify first to

N-th gradation voltages each representing a brightness

level per pixel according to the video signal so that the

first to N-th output amplifiers obtain first to N-th pixel
drive voltages; and

an output electrical current capacity setting portion,

wherein said first to N-th output amplifiers are configured
to output the first to N-th pixel drive voltages to the
display device,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

said output electrical current capacity setting portion 1s
configured to generate first to N-th setting signals
corresponding to the first to N-th output amplifiers,

said output electrical current capacity setting portion 1s
configured to supply the first to N-th setting signals to
the first to N-th output amplifiers so that the output
clectrical current capacity setting portion sets the out-
put electrical current capacity of each of the first to N-th
output amplifiers,

cach of said first to N-th output amplifiers includes an
operation amplifier including:

an mput line for recerving one of the first to N-th
gradation voltages;

an output line for outputting one of the first to N-th pixel
drive voltages;

a first transistor for flowing a first electrical current 1n a
first line according to the one of the first to N-th
gradation voltages;
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a second transistor for flowing a second electrical current
in a second line according to a voltage of the output
line:

a bias transistor for adjusting electrical current amounts of
the second electrical current and the second electrical
current according to a voltage of a control terminal
thereof; and

an output transistor for supplying a third electrical current
to the output line according to a voltage of the first line
so that the one of the first to N-th pixel drive voltages
1s generated in the output line,

said output electrical current capacity setting portion 1s
configured to generate first to N-th bias voltages as the
first to N-th setting signals, and

said output electrical current capacity setting portion 1s
configured to supply one of the first to N-th bias
voltages to the control terminal of the bias transistor of
cach of the first to N-th output amplifiers.

5. A display dniver for driving a display device according,

to a video signal, comprising:

a plurality of first to N-th output amplifiers (N 1s an
integer greater than two) configured to amplity first to

N-th gradation voltages each representing a brightness

level per pixel according to the video signal so that the

first to N-th output amplifiers obtain first to N-th pixel
drive voltages; and

an output electrical current capacity setting portion,

wherein said first to N-th output amplifiers are configured
to output the first to N-th pixel drive voltages to the
display device,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

said output electrical current capacity setting portion 1s
configured to generate first to k-th setting signals (k 1s
an integer greater than two and less than 2/N) corre-
sponding to the group of the number k of the first to
N-th output amplifiers,

said output electrical current capacity setting portion 1s
configured to supply the first to k-th setting signals to
the first to N-th output amplifiers so that the output
clectrical current capacity setting portion sets the out-
put electrical current capacity of each of the first to N-th
output amplifiers,

cach of said first to N-th output amplifiers includes an
operation amplifier including:

an input line for receiving one of the first to N-th
gradation voltages;

an output line for outputting one of the first to N-th pixel
drive voltages;

a first transistor for flowing a first electrical current 1n a
first line according to the one of the first to N-th
gradation voltages;

a second transistor for flowing a second electrical current
in a second line according to a voltage of the output
line:

a bias transistor for adjusting electrical current amounts of
the second electrical current and the second electrical
current according to a voltage of a control terminal
thereof; and

an output transistor for supplying a third electrical current
to the output line according to a voltage of the first line
so that the one of the first to N-th pixel drive voltages
1s generated in the output line,
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said output electrical current capacity setting portion 1s
configured to generate first to k-th bias voltages as the
first to k-th setting signals, and

said output electrical current capacity setting portion 1s
configured to supply one of the first to k-th bias
voltages to the control terminal of the bias transistor of
cach of the first to N-th output amplifiers.

6. A display driver for driving a display device according

to a video signal, comprising:

a plurality of first to N-th output amplifiers (N 1s an
integer greater than two) configured to amplify first to

N-th gradation voltages each representing a brightness

level per pixel according to the video signal so that the

first to N-th output amplifiers obtain first to N-th pixel
drive voltages; and

an output electrical current capacity setting portion,

wherein said first to N-th output amplifiers are configured
to output the first to N-th pixel drive voltages to the
display device,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

said output electrical current capacity setting portion 1s
configured to set an output electrical current capacity of
cach of the first to N-th output amplifiers individually
or 1n a group ol a specific number of the first to N-th
output amplifiers,

said output electrical current capacity setting portion 1s
configured to generate first to N-th setting signals
corresponding to the first to N-th output amplifiers,

said output electrical current capacity setting portion 1s
configured to supply the first to N-th setting signals to
the first to N-th output amplifiers so that the output
clectrical current capacity setting portion sets the out-
put electrical current capacity of each of the first to N-th
output amplifiers,

cach of said first to N-th output amplifiers includes an
operation amplifier for amplifying one of the first to
N-th gradation voltages and an output electrical current
adjusting transistor,

said output electrical current adjusting transistor 1s con-
figured to adjust an electrical current amount of an
output electrical current output from the operation
amplifier according to a voltage of a control terminal
thereof,

said output electrical current adjusting transistor 1s con-
figured to supply the output electrical current thus
adjusted to the display device through an external
wiring so that one of the first to N-th pixel drive
voltages 1s generated in the external wiring,

said output electrical current capacity setting portion 1s
configured to generate first to N-th bias voltages as the
first to N-th setting signals, and

said output electrical current capacity setting portion 1s
configured to supply one of the first to N-th bias
voltages to the control terminal of the output electrical
current adjusting transistor of each of the first to N-th
output amplifiers.

7. The display driver according to claim 4, wherein said

output electrical current capacity setting portion includes a
bias voltage supplying path and a bias voltage generating

65 portion,

said bias voltage supplying path 1s formed of first to N-th
resistors connected 1n series,
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said bias voltage generating portion 1s configured to
generate a first bias potential and a second bias poten-
tial lower than the first bias potential,

said bias voltage generating portion 1s configured to apply
the first bias potential to one end portion of the bias
voltage supplying path,

said bias voltage generating portion 1s configured to apply
the second bias potential to the other end portion of the
bias voltage supplying path, and

saild bias voltage generating portion 1s configured to
generate a voltage at one end portion or the other end
portion of each of the first to N-th resistors as the first
to N-th bias voltages.
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